The existing relationship between human populations is a function of their migratory and genetic exchange, which will be inversely proportional to the distance separating them. The efffect of geographic distance on population structure may be estimated by means of isonymic methods that use information on the surnames present in a territory as an approximation to the distribution of allele frequencies. The objective of this study was to analyze whether the 1801 modifĳication of the political border in an area surrounding the town of Olivenza, which experienced a change of sovereignty from Portugal to Spain, has had a noticeable influence on the migration pattern and isolation by distance in that region. For this purpose, data from marriage records of Olivenza and the neighboring Portuguese municipalities of Alandroal, Juromenha, Elvas, Vila Boim (and Terrugem), Terena, Monsaraz, and Vila Viçosa were analyzed. Rates of diversity and inbreeding coefffĳicients were determined to analyze the population structure before (1775-1801) and after (1802-1825) the change of domain. The results show that after the border modifĳication the migration matrices changed diffferently according to sex, therefore altering the relationship between the various localities of the territory. In Olivenza inbreeding declined slightly and surnames became more heterogeneous. Moreover, after the change of domain the isolation-by-distance models illustrate a temporal reduction in the relative weight of geographical distance on interpopulation kinship. The political border acted as a factor in population diffferentiation in the Iberian Peninsula (Spain and Portugal). T he region under study includes eight former Portuguese municipalities (Olivenza, Alandroal, Juromenha, Elvas, Vila Boim and Terrugem, Terena, Vila Viçosa, and Monsaraz) initially belonging to the Evora and Elvas bishoprics in Alentejo Province, close the Spanish border ( Figure  1 ). In 1801 a political treaty changed a section of the Spanish-Portuguese border. As a consequence, Olivenza was transferred from Portugal to Spain (Román-Busto et al. 2010) . The particular historical circumstances of Olivenza and the neighboring Portuguese localities separated by the Guadiana River make this region of special interest in relation to Spanish-Portuguese border interactions (Cajal 2003) .
The existing relationship between human populations is a function of their migratory and genetic exchange, which will be inversely proportional to the distance separating them. The efffect of geographic distance on population structure may be estimated by means of isonymic methods that use information on the surnames present in a territory as an approximation to the distribution of allele frequencies. The objective of this study was to analyze whether the 1801 modifĳication of the political border in an area surrounding the town of Olivenza, which experienced a change of sovereignty from Portugal to Spain, has had a noticeable influence on the migration pattern and isolation by distance in that region. For this purpose, data from marriage records of Olivenza and the neighboring Portuguese municipalities of Alandroal, Juromenha, Elvas, Vila Boim (and Terrugem), Terena, Monsaraz, and Vila Viçosa were analyzed. Rates of diversity and inbreeding coefffĳicients were determined to analyze the population structure before (1775-1801) and after (1802-1825) the change of domain. The results show that after the border modifĳication the migration matrices changed diffferently according to sex, therefore altering the relationship between the various localities of the territory. In Olivenza inbreeding declined slightly and surnames became more heterogeneous. Moreover, after the change of domain the isolation-by-distance models illustrate a temporal reduction in the relative weight of geographical distance on interpopulation kinship. The political border acted as a factor in population diffferentiation in the Iberian Peninsula (Spain and Portugal) . T he region under study includes eight former Portuguese municipalities (Olivenza, Alandroal, Juromenha, Elvas, Vila Boim and Terrugem, Terena, Vila Viçosa, and Monsaraz) initially belonging to the Evora and Elvas bishoprics in Alentejo Province, close the Spanish border ( Figure  1 ). In 1801 a political treaty changed a section of the Spanish-Portuguese border. As a consequence, Olivenza was transferred from Portugal to Spain (Román-Busto et al. 2010) . The particular historical circumstances of Olivenza and the neighboring Portuguese localities separated by the Guadiana River make this region of special interest in relation to Spanish-Portuguese border interactions (Cajal 2003) .
The biodemographic consequences of the change of domain in Olivenza were considered in a long term-research project that has resulted in a set of previous papers (Fuster et al. 2007; Guardado-Moreira et al. 2009; Román-Busto et al. 2010; Román-Busto and Fuster 2015) . The importance of political borders as factors limiting gene flow has been previously reported with regard to the Danish-German border (Boldsen and Lasker 1996) , the Cerdanya Valley between France and Spain (Macbeth et al. 1996) , and the northwestern Spanish-Portuguese border (Abade 1992; Eizaguirre 1994) .
According to Relethford (2012) , genetic differences between two populations are partly explained by geographic separation: the more distant the populations, the less migratory and genetic relationship between them. Another factor determining a population's genetic structure is genetic drift, afffected mostly by the number of inhabitants. Migration and genetic drift have opposite efffects, respectively increasing or reducing genetic diversity.
In some populations genetic drift dominates in short-range directional migration, whereas in others migration is the predominant factor in the population's genetic structure (Herrera Paz et al. 2014) . Occasionally, barriers may complicate migration and gene flows. Examples of mechanisms that help maintain genetic isolation in some human populations include geographic and cultural barriers (Fuster et al. 2007 ). Lasker and Kaplan (1985) established that a population's genetic structure may be studied by means of "wife vs. husband" surname matrices. Numerous studies have confĳirmed the usefulness of surnames applied to kinship and genetic similarity models (for a complete review, see Colantonio et al. 2003; Rossi 2013) .
The large sample sizes available in isonymic studies demonstrate the possibilities for using surnames to test microevolutionary hypotheses regarding migration, genetic drift, and admixture (Barrai et al. 2002) . Isonymy also estimates the potential influence of inbreeding on the population's homozygosis, particularly where the transmission of surnames follows fĳixed rules (Asghar et al. 2013; Mikerezi et al. 2013 ).
The present study examined the importance of a political frontier and its change as a barrier afffecting gene flow using information from marriage records that provide data on surnames and places of birth and residence. We compared data from two time periods: when the whole set of municipalities belonged to Portugal, and after the domain of Olivenza had been transferred to Spain. To achieve this objective the relationship between geographic distance and genetic kinship was analyzed by means of kinship matrices and isolation-by-distance models, in addition to diversity indexes and inbreeding coefffĳicients.
Materials and Methods
A total of 12,038 marital records from Olivenza, Alandroal, Juromenha, Elvas, Vila Boim (and Terrugem), Terena, Vila Viçosa, and Monsaraz were analyzed. These records included bride and groom place of birth, residence, and surnames, as well as surnames of their parents. Two 25-year periods were considered before and after the change of sovereignty of Olivenza: 1775-1801 and 1802-1825.
The data from each municipality shown in Table 1 come from the 1801 population census (Silveira 2000) . For the municipalities of Elvas, Vila Viçosa, and Monsaraz, records were not transcribed for the whole set of existing parishes. In these three cases, a constant of proportionality was applied to the total census numbers, dividing the total number of residents in a municipality by the number of residents in the parishes studied. The quotient obtained was used as a weighting factor throughout the whole analysis. 
Migration Matrices
Because the data came from marriage records, the use of the spouses' places of birth and residence and the place of birth of their respective parents was considered the most adequate for obtaining two probabilistic matrices: (a) fathers' birthplace as origin (rows) and offfspring's birthplace as destination (columns), which represents migration in the preceding generation; and (b) wives' birthplace as origin and husbands' residence as destination, an alternative that is more frequently used because it provides more available data (Relethford 2012) .
Two stochastic migration matrices (m ij ) were obtained for every period considered, by dividing each cell in the matrix by the sum of the corresponding column (Imaizumi et al. 1970; Jorde 1982) : (a) groom's birthplace/groom's place of residence and (b) bride's birthplace/groom's place of residence.
Kinship Matrices
After correlating spouses' surnames with those of their respective fathers and mothers, Román et al. (2007) considered the groom's fĳirst surname and the bride's father's surname the most adequate for computing kinship matrices.
When using surnames as an estimator of genetic markers, the following assumptions should be made: the monophyletic origin of each surname, minimum changes due to variation (mutation), and equal migration rates for males and females (Fuster 1982) . Because of the relatively small size of the region under study, bias due to polyphyletic surnames is expected to be reduced. Contrarily, spelling variations may have been important in Olivenza, where after the change of sovereignty some Portuguese adopted Spanish spellings for their surnames. Noncompliance with the above assumptions diminishes the reliability of estimated kinship. Despite this, the relative kinship values obtained are useful (Relethford 1988) . In the present study grooms' and brides' surnames were analyzed together, thus maximizing each population sample size (Esparza 2004) .
Intrapopulation kinship was calculated on the basis of Morton's a priori kinship matrix, following Relethford (1988) :
where n ik is the number of individuals in population i taking surname k, and N i is the total number of surnames in population i. The summation refers to the whole set of surnames.
Interpopulation kinship was calculated as
where
where n ik and n jk indicate individuals with surname k in populations i and j, respectively, and N i and N j represent the total number of inhabitants in populations i and j, estimated from the summation of the whole set of surnames.
The genetic distance between populations, d 2 , was estimated according to Relethford (1988) , based on Harpending and Jenkins (1973) and Morton (1975) :
The genetic distance estimated from random isonymy was represented by means of multidimensional scaling analysis, which permits the graphic emphasis of the topological relationship among the populations studied (Caravello and Tasso 2002) .
A matrix of geographic interpopulation distance was developed considering the Universal ), Morton's a priori kinship, and geographic distance were correlated using the Mantel (1967) test.
Isolation by Distance
The correlation between the isonymic relationships between populations i and j with their geographic distance allows the estimation of isolation-bydistance parameters (Malécot 1948) . The nonweighted mean local kinship a and the rate of decrease in kinship with geographic distance b (Relethford and Brennan 1982) were obtained for each period by means of nonlinear regression of a priori kinship on the geographic distance. The former Malécot (1948) formula was simplifĳied for fĳinite populations at short distances according to Imaizumi et al. (1970) :
The use here of an a priori kinship matrix to estimate a and b is appropriate (Relethford 1988 ) since this matrix is not based on previous knowledge of the regional random isonymy.
The impact of census size on interpopulation kinship was estimated by applying the Dahlberg (1948) nonlinear regression model, following Santos et al. (2005) :
where a and b are the constants of the regression model.
Inbreeding and Surname Diversity
To characterize populations and analyze their interperiod diffferences, the total inbreeding (F t ) and its two components-random (F r ) and nonrandom (F n )-were calculated following Crow and Mange (1965) and Crow (1980) . Efffects of genetic drift and gene flow on the diffferences among populations from the area analyzed were estimated from the proportion of the total variation in the region studied, explained by the variation among subgroups (Relethford 2012) :
Comparing F ST in the fĳirst versus second period provides information on the importance of genetic drift and gene flow after the change of sovereignty.
As an indicator of the diversity of surnames, Shannon's index, H, was determined (Shannon and Weaver 1949) . This index is independent of sample size and takes into account the number of surnames that are diffferent, as well as the homogeneity of their distribution. An isolated community would show a low diversity of surnames, thus resembling a genetic isolate. On the contrary, a population with high values would have maintained considerable gene exchange with other regions (Esparza 2004) . The H diversity index was calculated as
where p i is the probability of the ith surname in each population and period.
The Mantel, Pearson, and Spearman correlations, as well as the linear and nonlinear regressions, were computed with XLSTAT-Pro, version 2014.2.
Results and Discussion

Migration Matrices
Male and female migration matrices based on place of birth/residence are correlated for the fĳirst (R = 0.691; p < 0.001) and second (R = 0.417; p < 0.01) periods. The following analysis used marital matrices because they provided larger sample numbers. Table 2 shows correlations between migration and geographic distance matrices. In the fĳirst period the correlation coefffĳicient for males is R = -0.441 (p < 0.001); in the second, R = -0.285 (p < 0.05). For females the corresponding values are R = -0.549 (p < 0.001) and R = -0.588 (p < 0.001). Males had a lower coefffĳicient in the second than in the fĳirst period, although the correlation remains signifĳicant. For females the correlation coefffĳicients remained elevated in the second period due to their lower marital mobility (Fuster 1982; GuardadoMoreira et al. 2009 ).
Kinship Matrices
Genetic distances calculated from random isonymy are represented in Figure 2 for the fĳirst period. Olivenza, as well as Monsaraz and Vila Viçosa, was initially in a peripheral position with regard to the other populations. This result is reflected in Table 2 by the nonsignifĳicant correlations between genetic and geographic distances. Comparisons of genetic kinship matrices with regard to male-female migration matrices were also nonsignifĳicant, as expected in relatively small regions in which important geographic barriers are absent. These indicate that the populations studied are genetically more homogeneous than expected considering the geographic distance between them (Santos et al. 2005) , which is greatest between Vila Boim and Monsaraz (46 km). Therefore, a certain similarity exists in the set of surnames studied.
The interperiod correlation between kinship matrices Φ ij is R = 0.737 (p < 0.0001; Table 2 ). In contrast, no interperiod correlation was found for the genetic distance matrices, because the index of genetic distance (d 2 ) includes interpopulation kinship in its calculation. As shown in Table 3 , F t does not increase from the fĳirst to the second period in any of the populations considered.
Isolation by Distance, Kinship, and Population Size
The efffect of geographic distance on the populations' genetic similarity was estimated with two types of regressions. When applying the Malécot (1948) isolation-by-distance model for the fĳirst period, the coefffĳicient of determination obtained after a nonlinear regression analysis indicates that only 12% of kinship variability is explained by kilometric distance. Although signifĳicant, this is a low value, which is consistent with the correlations obtained between kinship from surnames and geographic distance. In the second period, the coefffĳicient of determination remained signifĳicant despite lowering the explained variation to 2%. According to the isolation by distance model, in the fĳirst period the parameter a is 0.010 and b was 0.428. The corresponding values for the second period are 0.007 and 0.196. Comparison of the isolation-by-distance parameters is complicated by the size and defĳinition of the populations studied (Relethford 2012 smaller a population, the greater the probability of signifĳicant genetic drift. Therefore, population size must be accounted for in determining the genetic drift efffect due to isolation (Abade 1992). The results of the Dahlberg (1948) 
Inbreeding and Diversity
The values of diversity and inbreeding complement the previous analyses by providing information on the contribution of random and cultural components to total inbreeding. A comparison of Tables  1 and 3 shows that large populations (N), such as Olivenza and Elvas, present greater diversity in surnames (H) in both periods. H and N have a signifĳicant Spearman's rho correlation in the fĳirst period (r = 0.762, p < 0.05) but not in the second (r = 0.643). In contrast, total inbreeding was higher in Alandroal, Juromenha, and Vila Viçosa during the fĳirst period, with the fĳirst two localities having a small census size. The variation of values in the second period was more intense in the municipalities where the efffect of the border change was greater. In Alandroal, Juromenha, Elvas, Vila Boim, and Terena, negative nonrandom coefffĳicients (F n ) were found in both periods. For other ranges of years before and after the two periods defĳined here, Román-Busto and Fuster (2015) reported similar values for F n in Olivenza. Despite the different temporal range in that study, alternation of positive and negative F n values was observed with a yearly growth tendency ). In the present analysis, the interperiod comparison shows signifĳicant Spearman's correlation (p < 0.05) for the random (F r ) and nonrandom components (r = 0.738, r = 0.810 for F r and F n , respectively). F r correlates negatively with the census size in the fĳirst period (r = -0.763; p < 0.05) but not in the second. Surname diversity increased in all localities from the fĳirst to the second period, especially in Olivenza, Alandroal, Juromenha, and Elvas. In Olivenza, since the change of domain, new surnames were incorporated by mixed marriages with Spaniards. This coincides, according to Román-Busto et al. (2010) , with a reduction in the frequency of the fĳive most common surnames from 40% in 1750-1760 to 21% in 1841-1850. At the same time Portuguese residents in Olivenza moved to the neighboring localities in Portugal, where new surnames were introduced. As a consequence of these population movements, total inbreeding could have reduced from one period to the next in most localities. Exceptions are Monsaraz and Terena, which do not border Olivenza, so the dynamic of their population may have been less afffected by the change of domain. On the other hand, Alandroal, Juromenha, and Elvas, located close to Olivenza, reduced inbreeding noticeably. The inbreeding coefffĳicients obtained are similar to those reported for other nearby regions, such as the municipalities along the Miño River (northern Portugal) studied by Eizaguirre (1994) , as well as some areas in the northeastern area of the Spanish-Portuguese border (Abade 1992; Alvarez et al. 2010 ). However, coefffĳicients are lower than those reported for areas of Castilla-León (Spain), such as the Gredos Mountain range (Fuster et al. 1996) and La Cabrera, for which Blanco-Villegas et al. (2004) reported some of the highest values for Spain. Most of these areas are characterized as rural, and among them, the smaller the number of inhabitants of each locality, the higher then F n .
Olivenza was a military garrison during the two periods examined, so the negative F n may be explained by lack of interest in consanguineous unions (Román-Busto et al. 2010; Román-Busto and Fuster 2015) . An equivalent lack of preference for these types of marriages was extended to the nearby municipalities of Alandroal, Juromenha, Elvas, Terena, and Vila Boim. However, BlancoVillegas et al. (2004) and Alvarez et al. (2010) indicate that populations with F n values in the negative range or near zero, with F t and F r showing similar magnitudes, constitute a reproductive unit. The opposite reflects reproductive substructures in each population. In the region under study, the municipalities would be the reproductive units, given the ease of movement among the parishes (inferior territorial unit) that form them. Combined F n values for the eight municipalities studied (Table   3 , bottom) are not always less than F n values for each municipality. For this reason, according to Blanco-Villegas et al. (2004) , the Wahlund efffect resulting in a population composed of various isolated reproductive units should be discounted.
The variation between groups versus total variation (F ST ) declined from the fĳirst period (8.407 × 10 -3 ) to the second (7.01 × 10 -3 ), thus demonstrating intermediate levels of micro-diffferentiation. These values are lower than those found in a Galician region (Fuster 1986) , where isolation was elevated, but higher than those reported by Alvarez et al. (2010) in Zamora region, with levels of microdiffferentiation not considered high. It is necessary to add that F ST heterogeneity may also reflect diffferences in population size.
Analyzing all of the results together, a variation in the migration matrices is demonstrated after the border modifĳication, afffecting Olivenza. The change did not have an immediate efffect on the kinship matrices, which remained similar before and after the change of sovereignty (Table 2) . Migration matrices and geographic distance matrices show signifĳicant correlations, but with smaller correlation coefffĳicients than found by Fuster (1986) in northern Spain, where the parishes studied were 9 km apart at most. As the area of the territory under study enlarges, the efffect of kilometric distance on the migration matrices may decrease (Relethford 2012 ). The Guadiana River, which could have acted as a barrier between Olivenza and the other Portuguese municipalities, apparently has not conditioned population exchange as has occurred with other rivers in other Spanish regions (Eizaguirre 1994; Esparza et al. 2006) .
The use of observed migration and census sizes permits the prediction of genetic variation patterns expected according to the balance between gene flow and genetic drift. In Olivenza, as in the other municipalities studied, kinship does not correlate with kilometric distance as expected according to the Malécot (1950) model. Concordance between kinship, geographic distance, and migration matrices was not probable, partly because the hypothesis of equivalence of genes and surnames is distorted by polyphyletic surnames. Moreover, migration matrices reflect a time period shorter than kinship matrices, which mirror the accumulation of surnames across various generations (Raspe and Lasker 1980; Fuster 1986 ).
The more isolated populations are, the greater the influence of geographic distance on population structure (Relethford and Brennan 1982; Fuster 1986) . In the present analysis, isolation by distance indicates that geographic distance is inversely proportional to kinship, mainly in the fĳirst period. This shows the existence of new factors, such as the border change, which have conditioned gene distribution in the population.
The nonlinear Dahlberg (1948) model shows that in Olivenza and the surrounding municipalities interpopulation kinship in both periods correlates with population size, although this correlation lessened after the border change. The Spearman correlation of random inbreeding with population size becomes nonsignifĳicant after this change. Although isolation by distance depends on the exchange of individuals among neighboring localities, usually it is conditioned by their spatial separation; moreover, the migratory rates may modify over time (Relethford 2010) . In some populations a selective migratory pattern involving relatives' lines has been found, with greater changes of migration to the localities where ancestors came from or where relatives reside. This pattern, frequently observed for long-distance migration, is also detected for short-distance migration (Harpending 1974) . Although the migratory movements detected in the region studied are mostly explained by geographic distance, their patterns before and after the border change should be attributed to other factors that could be compatible with selective migration. Given that a part of the population comprised members of the army, many individuals may have moved back to their places of origin.
In the border territory studied, a political event afffecting the border had consequences on the population structure of Olivenza and the surrounding Portuguese municipalities, by modifying the migratory flows and the preexisting isolationby-distance model. The initial demographic instability recovered equilibrium after a period of time, when the new border became, with regard to population exchange, a rather permeable limit dependent on the characteristics and socioeconomic importance of each municipality (Román-Busto et al. 2010 , 2013 .
For the Danish-German border, Boldsen and Lasker (1996) reported a certain heterogeneity of surnames in the neighboring regions, which was attributed more to the particular history of surnames than to genetic variability. For the Cerdanya Valley between France and Spain, the coincidence of the geographic barrier (Pyrenees mountain range) and the political border between France and Spain made it difffĳicult to diffferentiate between the influence of the two (Macbeth et al. 1996) . In northern Portugal, Abade (1992) and Eizaguirre (1994) gave more importance to geography and to the rivers that acted as borders than to the political boundaries.
From the results obtained in the present study, we conclude that the modifĳication of the frontier surrounding Olivenza has had an influence on the structure not only of this population but also of others that remained under Portuguese sovereignty. The migration matrix and isolationby-distance models were altered by that historical event. In terms of the migration matrices, although maintaining a similar pattern from the fĳirst to the second period, the correlation with patterns of preceding generations disappeared after the change of domain. The correlation between male and female matrices also lessened: after the change of domain diffferential migration by sex was detected. With regard to geographic distance, the negative correlation with the migration matrices increased slightly, while in males the decrease was noteworthy. Concerning kinship, an initial situation reflecting a certain similarity and homogeneity of surnames in the region is transformed in the second period into a diffferent situation with a slight reduction of F ST . The absence of micro-diffferentiation increase after the change of domain is attributed to the transfer of populations from Olivenza to other nearby municipalities. Accordingly, the kinship matrices do not demonstrate the existence of barriers limiting movement from Olivenza to the neighboring localities, while a reduction of inbreeding is observed from one period to the next. The isolation-by-distance models indicate a small impact of geographic distance on kinship, which despite lessening after 1801 retains values that are within the range of European continental populations.
In summary, although political borders only partially restrict intermarriage due to their permeability, which is determined by historical and cultural factors, the existence of this type of barrier should be taken into account when explaining the genetic diffferentiation of human populations. 
